The watercolor effect: a new principle of grouping and figure–ground organization  by Pinna, Baingio et al.
The watercolor eﬀect: a new principle of grouping
and ﬁgure–ground organization
Baingio Pinna a,*, John S. Werner b, Lothar Spillmann c
a Facolta di Lettere e Filosoﬁa, Universita di Sassari, Piazza Conte di Moriana, 8, Sassari I-07100, Italy
b Section of Neurobiology, Physiology and Behavior, Department of Ophthalmology, University of California––Davis, 4860 Y Street,
Suite 2400 Sacramento, CA 95817, USA
c Brain Research Unit, University of Freiburg, Hansastrasse 9, D-79104 Freiburg, Germany
Received 25 October 2001; received in revised form 6 June 2002
Abstract
The watercolor eﬀect is perceived when a dark (e.g., purple) contour is ﬂanked by a lighter chromatic contour (e.g., orange).
Under these conditions, the lighter color will assimilate over the entire enclosed area. This ﬁlling-in determines ﬁgure–ground or-
ganization when it is pitted against the classical Gestalt factors of proximity, good continuation, closure, symmetry, convexity, as
well as amodal completion, and past experience. When it is combined with a given Gestalt factor, the resulting eﬀect on ﬁgure–
ground organization is stronger than for each factor alone. When the watercolor eﬀect is induced by a dark red edge instead of an
orange edge, its ﬁgural strength is reduced, but still stronger than without it. Finally, when a uniform surface is ﬁlled physically using
the color of the orange fringe, ﬁgure–ground organization is not diﬀerent from that for the purple contour only. These ﬁndings show
that the watercolor eﬀect induced by the edge could be an independent factor, diﬀerent from the classical Gestalt factors of ﬁgure–
ground organization.
 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
In a previous paper, we (Pinna, Brelstaﬀ, & Spill-
mann, 2001) described a novel color assimilation phe-
nomenon, called the watercolor eﬀect. This eﬀect,
illustrated in Fig. 1, is characterized by long-range color
spreading from the inner edge of an outline ﬁgure onto
the enclosed surface area. The color of the ﬂanking
contour accompanying the darker border is assimilated
within the enclosed area over distances of up to 45 deg.
This coloration is uniform, and complete within 100 ms.
Thin winding inducing lines with diﬀerent contrasts to
the ground were generally more eﬀective than thick,
straight, and equiluminant lines.
The purpose of this study was to evaluate the
role of long-range chromatic assimilation for perceptual
grouping and ﬁgure–ground segregation. In particular,
we created stimuli in which the watercolor eﬀect was
pitted against the classical Gestalt grouping factors of
proximity, good continuation, closure, and symmetry
(Wertheimer, 1923), and against the ﬁgure–ground seg-
regation factors of convexity (Rubin, 1915, 1921) and
amodal completion.
We contend that the watercolor eﬀect is a new and
more powerful principle that cannot merely be sub-
sumed under similarity.
2. General methods
2.1. Subjects
Separate groups of 14 na€ıve observers participated in
each of seven experiments. All were adult volunteers
(21–27 years of age) with normal vision from the Uni-
versity of Sassari.
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2.2. Stimuli
All stimuli were hand-drawn ﬁgures using ‘‘magic’’
ink markers and plain white paper. The basic pattern was
a wiggly purple contour on a white background. The
stroke width of the pen was 6 arcmin for these and
other chromatic contours. Stimuli subtended 5 by 10
deg of visual angle when presented at a distance of 50 cm
from the observer. They were viewed binocularly under
daylight illumination of about 250 lux. Subjects were free
to move their head and eyes as in natural viewing.
EachGestalt factor was tested in a separate experiment
usually involving ﬁve stimulus conditions: (i) the purple
contour shown in isolation; (ii) the same purple contour
ﬂanked by an orange fringe on one side to pit the wa-
tercolor eﬀect against the Gestalt factor under consider-
ation; (iii) or ﬂanked by a fringe on the opposite side so as
to combine the watercolor eﬀect with the Gestalt factor
under consideration; and (iv) the purple contour pre-
sented in conjunction with a dark red fringe instead of an
orange fringe. This last condition was used for a com-
parison as the watercolor eﬀect is known to be diminished
when the contrast between the two inducing lines is low
(Pinna et al., 2001). Finally, as a further control, (v) the
purple contour was presented with the entire enclosed
surface area ﬁlled-in physically with the same ink as the
orange fringe. This was done to show that the watercolor
eﬀect is not only a similarity eﬀect, but a new factor
producing strong grouping and ﬁgure–ground segrega-
tion by long-range edge-induced spreading.
2.3. Procedure
Before data were collected, each subject was shown
some classical reversible ﬁgures (e.g., black and white
versions of face–vase, rabbit–duck, old woman–young
woman) to familiarize them with concepts of ﬁgure,
ground and reversibility of ﬁgures. During this training
phase, subjects evaluated the strength of perceived ﬁg-
ures and practiced assigning percentages to the relative
strength or salience of each ﬁgure.
Five variants of each stimulus were presented once in
a random sequence. The task was to report which part
of the stimulus was perceived as ﬁgure and which as
ground, and then to scale the relative strength (in per-
cent) of the surface being perceived as ﬁgure. Observa-
tion time was unlimited.
3. Results
3.1. Experiment 1: watercolor eﬀect versus proximity
Fig. 2 was used to compare the watercolor eﬀect and
the Gestalt factor of proximity in determining ﬁgure–
ground segregation. This factor states that, all else being
equal, the closer elements tend to be grouped together. It
consisted of nine vertical lines with the interspaces al-
ternating between narrow and wide. The top and the
bottom of the ﬁgure were closed. The height of the lines
was 8 deg. The horizontal distance between the two
outer lines, kept constant for all stimuli, was 13.5 deg
and the ratio between neighboring interspaces was either
1.0, 0.5, or 0.25. For a ratio of 1, the distance between
adjacent lines was 1.72 deg throughout. For a ratio of
0.5 and 0.25, the distances were 1.14 and 2.3, or 0.7 and
2.74 deg, respectively. The three interspace ratios were
combined with the ﬁve test conditions described above
to yield 15 diﬀerent stimuli.
Mean percentage ratings are plotted in Fig. 3 for each
of the ﬁve conditions with the ratio between interspaces
as a parameter. Ratings refer to the wide spaces being
perceived as ﬁgure to emphasize the power of the wa-
tercolor eﬀect. (For a ratio of 1, a 50% rating would be
expected.) Results for the ﬁrst condition (purple contour
only) clearly conﬁrm that proximity determines what is
seen as ﬁgure if there is no other competing factor. For
example, for an interspace ratio of 0.5, the wide spaces
were assigned a relative strength of only 20%, whereas
the narrow spaces attracted an overwhelming 80% of the
responses. In comparison, results for the second condi-
tion (orange fringe in wide spaces) show a complete
reversal of ﬁgure–ground organization, testifying to the
superior strength of watercolor spreading. Here, for the
same interspace ratio, the relative strength of the wide
spaces being perceived as ﬁgure is 95%, leaving only 5%
for the narrow spaces. The third condition shows that
when the orange fringe was combined with the narrow
spaces, subjects assigned these spaces 100% ﬁgure status
(for a 0.5 ratio), with 0% for the wide spaces. This result
suggests summation of watercolor spreading and prox-
Fig. 1. The watercolor eﬀect. When a purple contour is ﬂanked by an
orange edge, the entire enclosed area appears uniformly colored by
long-range assimilation of the hue of the edge. For a larger re-
production see Pinna et al. (2001).
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imity. In the fourth condition, when the orange fringe in
the wide spaces was replaced by a dark red fringe, the
relative strength of these spaces was generally reduced
vis-a-vis condition (ii), but was still higher than for the
purple contour alone (i). Finally in the ﬁfth condition
when the wide spaces were uniformly ﬁlled with real
orange color, for a ratio of 0.5, the wide spaces were
assigned a relative strength of 20%. This is not diﬀerent
from the result in the ﬁrst condition, when the purple
contour was shown in isolation. We therefore con-
clude that this last response is attributable to proximity
only.
Statistical analysis veriﬁed what may be inferred from
the graphs. A two-way ANOVA shows that the relative
strength of the wide spaces being perceived as ﬁgure
diﬀers signiﬁcantly among test conditions (F4;195 ¼ 627:6,
P < 0:0001) as well as interspace ratios (F2;195 ¼ 183:9,
P < 0:0001). The interaction between these two factors
is also signiﬁcant (F8;195 ¼ 12:8, P < 0:0001). In a Fisher
PLSD post-hoc analysis, all diﬀerences between the ﬁve
test conditions are signiﬁcant (P < 0:0001), except for
the interaction between (i) purple contour only and (v)
real orange color in wide spaces.
We replicated this experiment to determine whether
these ﬁndings can be generalized to a circular variant of
Rubins Maltese Cross, as illustrated by Fig. 4 for both
the watercolor eﬀect and physically ﬁlled-in color. The
ratio between adjacent sector sizes was varied as follows:
45=45, 22:5=67:5, and 11:25=78:75 deg. These three ratios
were again combined with the ﬁve test conditions men-
tioned above to yield 15 diﬀerent stimuli. Statistical
analysis using a two-way ANOVA showed that the rela-
tive strength of the wide sectors being perceived as ﬁgure
changes signiﬁcantly among the ﬁve conditions (F4;195 ¼
469:480, P < 0:0001) as well as the ratio between narrow
and wide sectors (F2;195 ¼ 416:769, P < 0:0001). Fur-
thermore, the interaction between the two factors is also
signiﬁcant (F8;195 ¼ 83:619, P < 0:0001). In the Fisher
PLSD post-hoc analysis, all diﬀerences are signiﬁcant
(P < 0:0001) except for that between (i) purple contour
Fig. 2. Stimulus used to test the watercolor eﬀect against the Gestalt factor of proximity in determining ﬁgure–ground organization.
Fig. 3. Results of watercolor eﬀect versus proximity. Mean relative
strength of the wide spaces being perceived as ﬁgure, plotted for ﬁve
conditions and three interspace ratios. Wide spaces for ratio 1.0 refers
to the same areas as for ratio 0.5 and 0.25. Error bars denote 1
SD.
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only and (v) real orange color in wide sectors (P ¼
0:7466).
These results conﬁrm earlier data described by Pinna
et al. (2001) demonstrating that watercolor groups more
eﬀectively than the Gestalt factor of proximity.
3.2. Experiment 2: watercolor eﬀect versus good contin-
uation
The Gestalt factor of good continuation states that
sections of the stimulus that form a smooth continua-
tion tend to be grouped together. As shown in Fig. 5,
this factor was pitted against the watercolor eﬀect using
a square-wave pattern reminiscent of an open Greek fret
overlaid by a sinusoidal line. The sides of the squares in
the fret were 3.43 deg. The sinusoidal line had a spatial
frequency of 0.12 cpd and a peak-to-trough amplitude
of 1.7 deg; it connected the extreme points of the fret on
the left and right. In this way the ﬁgure was perceptually
closed.
There were six conditions: (i) purple contour only, (ii)
orange fringe added to the inner edges of the closed
spaces, (iii) orange fringe added to the outside edges of
the closed spaces, (iv) orange fringes added to both the
inner and outer edges of the Greek fret and sinusoid, (v)
red fringe added to the inside edges of the sinusoid with
orange fringes lining the Greek fret, and (vi) real orange
color uniformly added to the closed spaces.
Mean percentage ratings giving the ﬁgural strength of
the closed spaces (patches) between the Greek fret and
the sinusoidal line are plotted in Fig. 6 for each of the six
conditions. In the purple-contour-only condition, there
was a near-zero response to the closed spaces, whereas
all subjects reported seeing two intersecting line ﬁgures:
an open fret overlaid by a sinusoid. Thus, good con-
tinuation completely dominated the percept. However,
when an orange fringe was added to the inner edge
of the closed spaces, good continuation was no longer
eﬀective. Instead, the closed spaces now exclusively
determined the percept by virtue of their uniform
watercolor. A similar, but less powerful eﬀect was ob-
tained when an orange fringe was added to the outer
edges (open spaces). With this condition, good contin-
uation was largely abolished and the closed sections
of the ﬁgure appeared as ground or holes. When orange
fringes were added to both sides of the contours, the
eﬀects obtained by the two previous conditions were
completely annulled and good continuation of the
Greek fret and sinusoidal line was again perceived.
Fig. 5. Stimulus used to test the watercolor eﬀect against the Gestalt factor of good continuation in determining ﬁgure–ground organization.
Squinting or blurring may facilitate perception of good continuation in this ﬁgure.
Fig. 4. Rubins Maltese Cross rendered with the watercolor eﬀect (top)
and physically ﬁlled-in color (bottom).
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However, when a red fringe instead of an orange one
was added to the inner edge of the sinusoidal curve, the
relative strength of seeing good continuation was only
50%. Presumably, this is because the (weaker) water-
color eﬀect elicited by the dark red fringe counteracted
good continuation. Finally, by physically ﬁlling the
closed spaces with a uniform orange color, the response
to the closed spaces was 40% and the relative strength of
seeing good continuation was thus reduced to 60%. This
is less than for the purple-contour-only condition, where
it was 95%, but much higher than when an orange fringe
was added to the inner edges (condition (ii)).
A one-way ANOVA showed that the relative strength
of seeing both the Greek fret and the sinusoidal curve as
open-line ﬁgures, each by itself, according to the Gestalt
factor of good continuation, diﬀers signiﬁcantly among
conditions (F5;78 ¼ 390:8, P < 0:0001). In the Fisher
PLSD post-hoc analysis, all diﬀerences between condi-
tions are signiﬁcant (P < 0:0001), except the diﬀerences
between (i) purple contour only versus (iv) orange frin-
ges on both sides, and (iii) orange fringes on outer edges
versus (v) red fringe on sinusoid.
Thus, the watercolor eﬀect vastly exceeds the Gestalt
factor of good continuation and it is much stronger in
biasing perception than physically ﬁlled-in real color.
3.3. Experiment 3: watercolor eﬀect versus closure and
surroundedness
The closure principle states that stimulus parts
forming a closed ﬁgure are grouped together. The sur-
roundedness principle states that when one region is
completely surrounded by another, the surrounded re-
gion is perceived as ﬁgure and the surrounding region as
ground. This experiment tested the watercolor eﬀect
both against the surroundedness and closure principles.
The basic stimulus is shown in Fig. 7. It consisted of
four narrow rectangles, each 6.8 deg high  1:7 deg
wide. The distance between neighboring rectangles was
also 1.7 deg. They were placed inside a large rectangular
frame of 12:4 18:8 deg. Both closure of the narrow
rectangles and surroundedness by the large rectangular
frame induce a strong ﬁgure–ground segregation. There
were again ﬁve diﬀerent conditions as described in Sec-
tion 2.
Mean percentage ratings specifying the ﬁgural
strength of the surrounding frame are plotted in Fig. 8
for each condition. In the purple-contour-only condition
the frame was rarely perceived as ﬁgure, while the four
narrow rectangles were seen as ﬁgures on a large ground
in the majority of cases. However, when orange fringes
were added to the outside of the rectangles, the frame
completely assumed the status of ﬁgure, while the rect-
angles were now perceived as windows or holes. In
comparison, when orange fringes were added to the in-
side of the rectangles, the surrounding frame was com-
pletely ignored and the rectangles were exclusively
perceived as ﬁgures. By lining the outer edges of the
rectangles with a red fringe, the frame regained ﬁgure
status, however, not as strongly as with the orange
fringe (condition (ii)). Finally, in the control condition
in which the area surrounding the rectangles was phys-
ically ﬁlled with orange color, the result was almost the
same as with the purple-contour-only condition.
A one-way ANOVA veriﬁed that the relative strength
of the frame being perceived as ﬁgure diﬀers signiﬁcantly
among conditions (F4;65 ¼ 446:9, P < 0:0001). In the
Fisher PLSD post-hoc analysis, all diﬀerences between
conditions are signiﬁcant (P < 0:0001), except for the
diﬀerence between (i) the purple contour only and (v)
the real orange color in the frame.
From the results, we conclude that the watercolor
eﬀect is much stronger than the Gestalt factors of clo-
sure and surroundedness under these conditions.
Fig. 7. Stimulus used to test the watercolor eﬀect against the Gestalt
factor of closure and surroundedness in determining ﬁgure–ground
organization. For a larger reproduction see Pinna et al. (2001).
Fig. 6. Results of watercolor eﬀect versus good continuation. Mean
relative strength of a Greek fret and sinusoidal line being perceived as
ﬁgure, plotted for six test conditions. Error bars denote 1 SD.
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3.4. Experiment 4: watercolor eﬀect versus symmetry
The watercolor eﬀect was next studied relative to the
Gestalt factor of symmetry (or Morinagas, 1942, Eb-
enbreite). According to this principle, parallel contours
are grouped together. The stimulus is shown in Fig. 9. It
consisted of three pairs of parallel wavy lines inside a
large square, with a side length of 12.1 deg. Parallel lines
were spaced 1.15 deg apart from each other. In this way
a percept comparable to three undulating rivers was
created. There were ﬁve stimulus variations as described
by the conditions in Section 2.
Mean percentage ratings are plotted in Fig. 10. When
chromatic fringes (orange and red) were added to the
outside of the parallel lines (‘‘rivers’’), the interspaces
were perceived as ﬁgure. In all other conditions, the
rivers assumed the status of ﬁgure. Results of a one-way
ANOVA indicate that the relative strength of the in-
terspaces outside the parallel lines being perceived as
ﬁgure diﬀers signiﬁcantly among conditions (F4;65 ¼
1211:9, P < 0:0001). In the Fisher PLSD post-hoc
analysis, the diﬀerences that are not signiﬁcant are: (i)
versus (iii), (i) versus (v), and (iii) versus (v).
3.5. Experiment 5: watercolor eﬀect versus convexity
Convex regions tend strongly to appear as ﬁgure and
concave ones as ground. This is known as the law of the
inside. It was pitted against the watercolor eﬀect using
the stimulus shown in Fig. 11. Pairs of concave and
convex arcs alternating with each other were inserted in
between two horizontal lines of 22.8 deg each separated
by a vertical distance of 3.4 deg. Seven such arcs were
positioned within the parallel lines so as to yield 3 quasi-
circular areas and a half-circle. Arcs were also separated
by 3.4 deg from each other. For each of the ﬁve condi-
tions described in Section 2, arcs were varied through
various degrees of curvature from straight vertical lines
(i.e. zero curvature) to curved lines having a radius of
9.0 and 2.9 deg (the example in Fig. 11), and 1.7 deg,
respectively. Thus, the total number of stimuli in this
experiment was 20.
Fig. 12 presents percentage ratings for each condition
with curvature of the arc as a parameter. In general, the
concave regions of the stimuli were perceived as ﬁgure
Fig. 9. Stimulus used to test the watercolor eﬀect against the Gestalt
factor of parallelism in determining ﬁgure–ground organization.
Fig. 10. Results of watercolor eﬀect versus parallelism. Mean relative
strength of the interspaces between the three ‘‘rivers,’’ being perceived
as ﬁgure plotted for ﬁve test conditions. Error bars denote 1 SD.
Fig. 8. Results of watercolor eﬀect versus closure and surroundedness.
Mean relative strength of the surrounding frame being perceived as
ﬁgure, plotted for ﬁve test conditions. Error bars denote 1 SD.
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when lined with orange or red fringes, although the ef-
fect for the red fringes became weaker with increasing
curvature. However, with an orange fringe added to the
inside edge of the convex spaces, ﬁgure–ground orga-
nization reversed and the ‘‘circles’’ were now always
perceived as ﬁgures. There was no response to the con-
cave region. Finally, when the concave spaces were ﬁlled
physically with orange color, the relative strength was
nearly the same as for the purple-contour-only condi-
tion.
A two-way ANOVA showed that the relative strength
of the concave region being perceived as ﬁgure diﬀers
signiﬁcantly among test conditions (F4;260 ¼ 1014:286,
P < 0:0001) as well as curvatures (F3;260 ¼ 134:4, P <
0:0001). The interaction between the two factors is also
signiﬁcant (F12;260 ¼ 18:518, P < 0:0001). In the Fisher
PLSD post-hoc analysis, all diﬀerences, both for the
test conditions and curvatures, are signiﬁcantly diﬀerent
(P < 0:0001), except for the diﬀerence between (i) purple
contour only and (v) physically ﬁlled-in color.
These results clearly show that under our conditions
the watercolor eﬀect is more eﬀective than convexity for
determining ﬁgure–ground organization.
3.6. Experiment 6: watercolor eﬀect versus amodal
completion
Amodal completion, or perception of an objects oc-
cluded regions, is not a classical principle of ﬁgure–
ground segregation, but is deﬁnitely linked to the ﬁgural
organization of our visual world (Michotte, 1951). It is
considered an important principle of ﬁgural organiza-
tion as most every object in our visual world is amodally
completed. This applies not just to ﬁgures, but also to
the ground. Here we ask: Can the ﬁgural strength of the
watercolor eﬀect successfully compete with amodal
completion?
The stimulus is shown in Fig. 13. A square, whose
side was 5.15 deg long, and a hexagon, whose distance
between opposing sides was 5.45 deg, partially occluded
a circle, whose radius was 3.15 deg. The three ﬁgures (for
Fig. 12. Results of watercolor eﬀect versus convexity. Mean relative
strength of the concave regions being perceived as ﬁgure, plotted for
ﬁve test conditions. Error bars denote 1 SD.
Fig. 13. Stimulus used to test the watercolor eﬀect against amodal
completion in determining ﬁgure–ground organization.
Fig. 11. Stimulus used to test the watercolor eﬀect against the Gestalt factor of convexity in determining ﬁgure–ground organization.
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each of the ﬁve conditions in Section 2) were diagonally
aligned within a large rectangular frame, the sides of
which were 13 15:6 deg.
Mean percentage ratings giving the ﬁgural strength of
the circle, are plotted in Fig. 14. When orange or red
fringes were added to the inside of the partial circle, it
was perceived as a circle with two parts missing. The
square and the hexagon, having no fringes on the inside,
appeared as holes. In the two other conditions in which
the fringes were added to the inside of the square and
hexagon, the results hardly diﬀer from the purple-
contour-only condition.
A one-way ANOVA shows that the relative strength
of the partially occluded circle being perceived as ﬁgure
diﬀers signiﬁcantly among conditions (F4;65 ¼ 978:4,
P < 0:0001). In the Fisher PLSD post-hoc analysis,
all diﬀerences between conditions are signiﬁcant (P <
0:0001), except for those between conditions (i) versus
(iii), (i) versus (v), and (iii) versus (v).
In conclusion, the watercolor eﬀect reverses the per-
ceived segregation in depth, thereby abolishing amodal
completion.
3.7. Experiment 7: watercolor eﬀect versus past experi-
ence
In addition to these ﬁgural factors, Wertheimer (1923)
acknowledged the importance of past experience in per-
ceptual grouping. Speciﬁcally, spaces associated with
prior knowledge tend to be grouped together. He con-
cluded that there was some role of past experience, but
that it was limited by the inherent Gestalt factors de-
scribed previously. In this experiment we examine the role
of past experience relative to the watercolor eﬀect. The
stimulus consisted of the word ‘‘LIFE’’ (Fig. 15) pre-
sented under the ﬁve conditions described in Section 2.
The percentage ratings plotted in Fig. 16 show that
the spaces in between the letters were perceived as ﬁgure
only when colored fringes were added to the outside
edges of the letters. As before, orange fringes produced a
stronger eﬀect than red fringes. In all the other cases, the
letters emerged according to the past experience factor.
The results for the physically-ﬁlled color condition were
quite similar to the purple-contour-only condition.
A one-way ANOVA veriﬁed that the relative strength
of perceiving the spaces in between the individual letters
Fig. 14. Results of watercolor eﬀect versus amodal completion. Mean
relative strength of the circle being perceived as ﬁgure, plotted for ﬁve
test conditions. Error bars denote 1 SD.
Fig. 15. Stimulus used to test the watercolor eﬀect against past experience in determining ﬁgure–ground organization. The original stimulus was
larger and displayed the eﬀect more vividly.
Fig. 16. Results of watercolor eﬀect versus past experience. Mean
relative strength of the interspaces between the letters being perceived
as ﬁgure, plotted for ﬁve test conditions. Error bars denote 1 SD.
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as ﬁgure diﬀers signiﬁcantly among conditions (F4;65 ¼
500:55, P < 0:0001). In the Fisher PLSD post-hoc ana-
lysis, all diﬀerences between conditions are signiﬁcant
(P < 0:0001), except for the diﬀerence between (i) purple
contour only and (v) physically-ﬁlled orange color.
3.8. Additional comparisons with physically ﬁlled-in color
We have studied the most important Gestalt factors
governing perceptual segregation and grouping vis-a-vis
the watercolor eﬀect. For all experiments we used a
control condition whereby the region serving as a de-
pendent variable was physically ﬁlled using the same
orange as the fringe (conditions 5 or 6). We found that
this manipulation had little eﬀect on ﬁgure–ground or-
ganization. However, there is a potential problem: the
perceived color of the watercolor eﬀect is not exactly the
same color as the fringes themselves, but rather appears
lighter and like a veil of orange. Therefore, we also ﬁlled-
in real color using a light orange similar to that of the
illusory watercolor itself. All conditions were thus tested
again, in a random order, using fourteen new na€ıve
subjects for each experiment. The task was the same as
before. The results were unchanged from those obtained
with the darker physically ﬁlled-in orange color. Of
course, we cannot rule out the possibility that physically
ﬁlled-in color that is more similar to the induced color
would be more eﬀective in creating ﬁgural organization.
It is not clear why our particular stimuli did not produce
a ﬁgural eﬀect with physically ﬁlled-in color. The wa-
tercolor eﬀect, however, typically includes not only in-
duced color, but also apparent depth. This second
property is not captured by physically ﬁlled-in color.
4. Discussion
Since the ﬁrst published demonstration of the wa-
tercolor eﬀect (Pinna, 1987), it has been shown that the
areal assimilation of the lighter chromatic contour is
diﬀerent from the spreading eﬀect of von Bezold (1874)
and Helson (1963) because of the ﬁgural eﬀect and the
spatial extent of the spreading (Pinna et al., 2001). What
might be its function? Contrary to border contrast
which enhances the diﬀerences between ﬁgure and
ground, assimilation diminishes the diﬀerence between
the border and the enclosed areas and thereby creates
a uniform surface color (similitude). The seven experi-
ments reported here demonstrate the eﬀectiveness of the
watercolor eﬀect in grouping parts together by their
edge induced color.
The watercolor eﬀect also has strong structural
properties in assigning ﬁgural status to a surface across
which assimilative color spreads. For example, when a
colored fringe is added to the inside of a region which
according to the classical Gestalt principles would ap-
pear as ground, the perceived ﬁgure–ground organiza-
tion will change in favor of the color-fringed region. In
other words, what formerly appeared as ground, now
becomes ﬁgure and vice versa. Indeed, the watercolor
eﬀect was more eﬀective than all the classical Gestalt
factors so far tested when pitted against them. Thus,
under our conditions, the watercolor eﬀect is a more
important determinant of ﬁgure–ground organization
than the segregation and grouping principles identiﬁed
by Rubin (1915, 1921) and Wertheimer (1923) at the
beginning of the last century.
It might be suggested that the watercolor eﬀect is an
example of the Gestalt factor of similarity. This factor
includes many attributes (e.g., color, form, orientation,
texture, depth, motion, etc., see Spillmann & Ehrenstein,
in press). Because of the generality of this factor, we
cannot exclude similarity as the basis of the watercolor
eﬀect. Our control experiment with ﬁlled-in real color
suggests, however, that it is not simply color similarity
of the surface area (orange) that is responsible for ﬁgure–
ground segregation, but perceptual spreading of color,
often associated with depth or ‘‘volume’’.
The depth or volume associated with the watercolor
eﬀect might be interpreted in terms of transparency, i.e.,
the ﬁlled-in areas produce a transparent layer which lies
on top of the background. This might be expected from
the recent work of Ekroll and Faul (in press) on neon
color spreading or the earlier models of Metelli (1970)
and more recently of Grossberg and Mingolla (1985)
and Grossberg and Todorovic (1988) We contend that
the transparency evident in neon spreading is not pre-
sent in the watercolor eﬀect. For the stimuli tested in this
paper, ﬁlling-in by watercolor had a surface quality
diﬀerent from transparency.
The presence of a darker boundary color (purple) is
important for delimiting watercolor spreading to one
side only. This may be related to a more general char-
acteristic of chromatic processing. For example, it has
been shown that a luminance edge enhances color dis-
crimination (Boynton, Hayhoe, & MacLeod, 1977; Cole,
Stromeyer, & Kronauer, 1990), whereas without it, there
is a tendency of colors to ‘‘bleed’’ together (Eskew &
Boynton, 1987). This tendency is especially strong for
discriminations mediated by short-wavelength-sensitive
cones. These results suggest a threshold mechanism by
which a luminance edge enclosing a chromatic patch
should enhance sensitivity to color on the inside while
preventing color spreading to the outside (Montag, 1997;
Gowdy, Stromeyer, & Kronauer, 1999).
If we compare ﬁgure–ground segregation with group-
ing, it is reasonable to think that the former must operate
before the latter (Hoﬀman & Richards, 1984). In fact, the
dots and lines (Wertheimer, 1923), on which grouping
acts, must be already segregated as ﬁgure from ground,
otherwise the visual system would not ‘‘know’’ which
regions to group. Only ﬁgures can be grouped, ground
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cannot. But if we compare ﬁgure–ground segregation
with the watercolor eﬀect, it implies that watercolor
spreading from edges is likely processed at a level prior to
ﬁgure–ground organization. Thus, the results of these
experiments constrain neurophysiological and computa-
tional models of long-range cortical interactions mediat-
ing human color and form perception. We suggest (Pinna
et al., 2001) that assimilative color spreading may arise in
two steps: First, weakening of the contour by lateral in-
hibition between diﬀerentially activated edge cells (local
diﬀusion); and second, unbarriered ﬂow of color onto the
enclosed area (global diﬀusion).
What is the role of the strong ﬁgural eﬀect of wa-
tercolor spreading vis-a-vis the classical Gestalt factors
enounced by Wertheimer and Rubin? We suggest that
the watercolor eﬀect serves to reinforce the notion by
Rubin (1915, 1921) that the border belongs to the ﬁg-
ure (Zusammmengeh€origkeit––belongingness), a principle
which has been termed border ownership by Nakayama
and Shimojo (1990). It has recently been demonstrated
that border ownership may be encoded at early stages of
cortical processing, primarily areas V1 and V2 (Heider,
Meskenaite, & Peterhans, 2000; Zhou, Friedman, & von
der Heydt, 2000), as well as inferotemporal cortex
(Baylis & Driver, 2001) and the human lateral occipital
complex (Kourtzi & Kanwisher, 2001). Zhou et al.
(2000) report that approximately half of the neurons in
the early cortical areas are selective in coding the po-
larity of color contrast (e.g., a neuron may respond to
a red–gray border, but not a gray–red border). The
watercolor eﬀect strengthens border ownership through
a colored fringe added to the boundary. The darker
contour in conjunction with the lighter fringe enhances
the strength of border ownership and, at the same time
reduces the possibility that the boundary could be re-
versed. In this way, the watercolor eﬀect increases the
ﬁgural strength of the surface by creating an unambig-
uous, unilateral direction deﬁning the ﬁgure: The outer
boundary is the boundary of the ﬁgure.
Acknowledgements
Supported by a guest professorship from Freiburg
University (BP), the Alexander von Humboldt Foun-
dation (BP and JSW), NIH-grants AG04058 and
EY12576 (JSW) and DFG grant SP 67-8/1 (LS). We
thank Charles F. Stromeyer III and Jacob Beck for
valuable discussions.
References
Baylis, G. C., & Driver, J. (2001). Shape-coding in IT cells generalizes
over contrast and mirror reversal, but not ﬁgure–ground reversal.
Nature Neuroscience, 4, 937–942.
Bezold, W. v. (1874). Die Farbenlehre im Hinblick auf Kunst und
Kunstgewerbe. Braunschweig: Westermann.
Boynton, R. M., Hayhoe, M. M., & MacLeod, D. I. A. (1977). The
gap eﬀect: chromatic and achromatic visual discrimination as
aﬀected by ﬁeld separation. Optica Acta, 24, 159–177.
Cole, G. R., Stromeyer, C. F., III., & Kronauer, R. E. (1990). Visual
interactions with luminance and chromatic stimuli. Journal of the
Optical Society of America, A7, 128–140.
Ekroll, V., & Faul, F. (in press). Perceptual transparency in neon
colour spreading displays. Perception & Psychophysics.
Eskew, R., & Boynton, R. M. (1987). Eﬀects of ﬁeld area and
conﬁguration on chromatic and border discrimination. Vision
Research, 27, 1835–1844.
Gowdy, P. D., Stromeyer, C. F., III., & Kronauer, R. E. (1999).
Facilitation between the luminance and red–green detection
mechanisms: enhancing contrast diﬀerences across edges. Vision
Research, 39, 4098–4112.
Grossberg, S., & Mingolla, E. (1985). Neural dynamics of form
perception. Boundary completion, illusory ﬁgures and neon color
spreading. Psychological Review, 92, 173–211.
Grossberg, S., & Todorovic, D. (1988). Neural dynamics of 1-D and 2-
D brightness perception: A uniﬁed model of classical and recent
phenomena. Perception & Psychophysics, 43, 241–277.
Heider, B., Meskenaite, V., & Peterhans, E. (2000). Anatomy and
physiology of a neural mechanism deﬁning depth order and
contrast polarity at illusory contours. European Journal of Neuro-
science, 12, 4117–4130.
Helson, H. (1963). Studies of anomalous contrast and assimilation.
Journal of the Optical Society of America, 33, 179–184.
Hoﬀman, D., & Richards, W. (1984). Parts of recognition. Cognition,
18, 65–96.
Kourtzi, Z., & Kanwisher, N. (2001). Representation of perceived
object shape by the human lateral occipital complex. Science, 293,
1506–1509.
Metelli, F. (1970). An algebraic development of the theory of
perceptual transparency. Ergonomics, 13, 59–66.
Michotte, A. (1951). Une nouvelle enigme de la psychologie de la
perception: le donne amodal dans l’experience. Stockholm:
International Congress of Psychology.
Morinaga, S. (1942). Beobachtungen €uber Grundlagen und Wirkungen
anschaulich gleichm€aßiger Breite. Archiv f€ur die gesamte Psycho-
logie, 110, 309–348.
Montag, E. D. (1997). Inﬂuence of boundary information on the
perception of color. Journal of the Optical Society of America, A14,
997–1006.
Nakayama, K., & Shimojo, S. (1990). Towards a neural understanding
of visual surface representation. Cold Spring Harbor Symposia on
Quantitative Biology, 40, 911–924.
Pinna, B. (1987). Un eﬀetto di colorazione. In V. Majer, M. Maeran, &
M. Santinello (Eds.), Il laboratorio e la citta. XXI Congresso degli
Psicologi Italiani (p. 158).
Pinna, B., Brelstaﬀ, G., & Spillmann, L. (2001). Surface color from
boundaries: A new watercolor illusion. Vision Research, 41, 2669–
2676.
Rubin, E. (1915). Synsoplevede Figurer. Kobenhavn: Glydendalske.
Rubin, E. (1921). Visuell wahrgenommene Figuren. Kobenhavn:
Gyldendalske Boghandel.
Spillmann, L., & Ehrenstein, W. H. (in press). Gestalt factors in the
visual neurosciences. In L. M. Chalupa, & J. S. Werner (Eds.), The
visual neurosciences. Cambridge, MA: MIT Press.
Wertheimer, M. (1923). Untersuchungen zur Lehre von der Gestalt II.
Psychologische Forschung, 4, 301–350.
Zhou, H., Friedman, H. S., & von der Heydt, R. (2000). Coding of
border ownership in monkey visual cortex. Journal of Neuroscience,
20, 6591–6611.
52 B. Pinna et al. / Vision Research 43 (2003) 43–52
